Genetic effects for femoral biomechanics, structure, and density in C57BL/6J and C3H/HeJ inbred mouse strains.
Genome-wide QTL analysis for bone density, structure, and biomechanical phenotypes was performed in 999 (B6xC3H)F2 mice. Multivariate phenotypes were also derived to test for pleiotropic QTL effects. Highly significant QTLs were detected with pleiotropic effects on many of these phenotypes, and QTLs with unique effects on specific phenotypes were found as well. The inbred C57BL/6J (B6) and C3H/HeJ (C3H) mouse strains were previously shown to segregate quantitative trait loci (QTLs) for femoral bone density. The 999 s filial (F2) mouse progeny were further phenotyped for measures of femoral biomechanics (load to failure, Fu; work to failure, U; stiffness, S), structure (polar moment of inertia, Ip; moment of inertia ratio, Ir), and more specific femoral midshaft bone density measures (cortical and total vBMD). Two novel multivariate phenotypes were computed using principal component analysis, thus aiding in the exploration of pleiotropic effects of the QTLs detected. Results of a genome-wide analysis provided strong evidence of pleiotropic QTL effects on chromosome 4, with six of the seven primary phenotypic measures, representing femoral biomechanics, density, and structure, producing LOD scores greater than 8. Chromosomes 1, 8, 13, and 14 were also identified as harboring QTLs that affect phenotypes in two of the three aspects of bone properties. QTLs uniquely contributing to variability in biomechanical measures were identified on chromosomes 10 and 12, whereas a QTL solely affecting structure was found on chromosome 17. Analysis of the evidence for pleiotropic effects using principal component analysis revealed pleiotropic QTLs on chromosomes 4 and 14, influencing nearly all the bone phenotypes measured and revealed QTLs on chromosomes 1, 8, 13, and 17 with pleiotropic effects restricted to either density or the structure and stiffness phenotypes. The use of multivariate phenotypes has allowed us to identify pleiotropic effects of several QTLs previously linked in studies of other mouse strains and in human studies of bone mineral density and femoral structure, which will provide important insight regarding the importance of allelic variation on the entire skeleton.